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1 | INTRODUCTION

For decades, haematologists have applied histology to distin-
guish white blood cell populations from each other. Hence,
the first classifications of immune cells were based solely on
morphological criteria. Using these criteria, neutrophils, to-
gether with eosinophils, basophils and mast cells were classi-
fied as granulocytes, reflecting the high density of vesicles in
their cytoplasm. Later on, the appearance of neutrophil gran-
ules has been investigated during neutrophil maturation in the
bone marrow and four granule classes could be defined based
on their cargo. Azurophilic or primary granules, which ap-
pear in myeloblasts and promyelocytes; specific or secondary
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Recruitment of neutrophils from the intravascular compartment into injured tissue
is an essential component of the inflammatory response. It involves intracellular
trafficking of vesicles within neutrophils and endothelial cells, both containing nu-
merous proteins that have to be distributed in a tightly controlled and precise spa-
tiotemporal fashion during the recruitment process. Rab proteins, a family of small
GTPases, together with their effectors, are the key players in guiding and regulating
the intracellular vesicle trafficking machinery during neutrophil recruitment. This
review will provide a short overview on this process and highlight new findings as

well as current controversies in the field.

inflammation, neutrophil, rab proteins, vesicle trafficking

granules, primarily found in myelocytes and metamyelocytes;
gelatinase or tertiary granules, first produced in band neutro-
phils; and finally secretory vesicles, which are only found in
segmented neutrophils.1 Recently, a new type of granule, rich
in ficolin-1 has been identified in myelocytes, metamyelo-
cytes and band cells.”

The high density of granules in neutrophils points to-
wards an important functional role during the acute inflam-
matory response, for example against invading pathogens.
Indeed, degranulation is a hallmark of neutrophil activa-
tion and the different types of granules are released in a
sequential order. Secretory vesicles, containing mainly ad-
hesion molecules, are the first granules to be discharged,
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followed by specific and gelatinase granules that allow
cell migration and create a hostile environment. Finally,
the high antimicrobial content of azurophilic granules is
released at the site of injury3 (see Table 1 for further de-
tails). Proper vesicle release is imperative for neutrophil
recruitment and requires the tightly controlled transport
of vesicles from intracellular storage pools to the neutro-
phil surface. In this review, we will describe the molec-
ular mechanisms of intracellular vesicle transport during
neutrophil recruitment and highlight the role of Rab mol-
ecules in this process.

2 | VESICULAR TRAFFICKING
MACHINERY

Intracellular vesicle transport is essential for maintaining
cell homeostasis and proper cell function. This becomes
evident by the wide range of pathologies, from neurode-
generative to autoimmune diseases, emerging from altera-
tions of the vesicular machinery. Also, neutrophil function
heavily relies on the ability to produce and release granule
content. Depending on the vesicle directionality, protein
transport can be classified into the exocytic/biosynthetic
route and the endocytic/recycling route. Either way, the
central gear in vesicular trafficking is constituted by a
family of small GTPases called Rab proteins. Already pre-
sent in the last eukaryotic ancestor, Rab proteins have been
indispensable during the evolution of the endomembrane
system and have shown a dramatic plasticity, correlating

TABLE 1

Azurophilic granules Specific granules

CD63 CD11b/CD18

CD68 CD66

MPO CD67

NE CD177

Cathepsin G NOX2

Proteinase 3 MMP-8

NSP4 SCAMP

Cathepsin C Al-at

ol-AT Lysozyme

Lysozyme f3,-microglobulin Collagenase
Heptoglobin
hCAP-18
Lactoferrin
NGAL
Pentraxin 3
SLPI

Note: Modified from Cowland and Borregaard 201 8.3

with multicellularity and the increasing complexity in
cell organization and specificity. So far, approximately
70 members of the Rab family have been identified in
humans.* Each Rab protein specifically coordinates the
transport, tethering and fusion of a vesicle to its target
compartment by interacting with several effector proteins,
such as guanine nucleotide exchange factors (GEFs),
GTPase-activating proteins (GAPs) or tethering factors.
Interaction of Rab proteins with their effectors contrib-
utes to define membrane domains that confer specificity
in membrane trafficking. These membrane domains have
been extensively studied in the endocytic pathway, where
early endosomes (EE) are found to harbour only Rab35, late
endosomes (LE) only Rab7, and Rabl1 mainly in recy-
cling endosomes (RE).5

Rab27 mostly controls the exocytic pathway. The isoform
Rab27a plays an important role in neutrophil degranulation.
When interacting with its effector JFC1, it mediates the re-
lease of azurophilic granule content, while when interacting
with the docking factor Munc13-4, Rab27a mediates the re-
lease of azurophilic, secretory and gelatinase granules.' Its
other isoform, Rab27b, has also been implicated in neutrophil
secretion since its absence attenuates, but does not abolish,
azurophilic granule exocytosis.é’7

The machinery regulating endo- and exocytosis plays
an essential role in the whole process of neutrophil recruit-
ment, since the supply and spatial distribution of adhesion
relevant proteins to the cell surface needs to be controlled
in a very precise manner in both the neutrophil and the
endothelial cell.

Content of neutrophil granules. List of proteins that are found in the various granule classes

Gelatinase granules Secretory vesicles
CD11b/CD18 CDI10

NOX2 CD11b/CD18
MMP-9 CDI15
MMP-25 CD16
fMLF-R CD35
SCAMP NOX2
VAMP2 MMP-25
Lyzozyme NRAMP2
Arginase | SCAMP
Gelatinase VAMP2
Ficolin I ol-AT

Plasma proteins

Abbreviations: fMLF-R: N-Formylmethionyl-leucyl-phenylalanine; hCAP-18: human cathelicidin 18; NGAL: neutrophil gelatinase-associated lipocalin; NOX2:
NAPDH oxidase 2; NRAMP?2: natural resistance-associated macrophage protein 2; NSP4: non-structural glycoprotein 4; SCAMP: secretory carrier-associated
membrane protein; SLPI: secretory leukocyte protease inhibitor; VAMP2: vesicle-associated membrane protein 2; «1-AT: alphal-antitrypsin.
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3 | NEUTROPHIL RECRUITMENT
CASCADE

Neutrophils circulate through the blood stream in a rather
quiescent state, but after an insult occurs they become ac-
tivated and are recruited to the sites of inflammation in
order to re-establish homeostasis. Cell damage or invasion
of microorganisms is detected by tissue-resident cells,
which release inflammatory mediators that activate the
surrounding environment including endothelial cells. This
leads to neutrophil capture from free-flowing blood fol-
lowed by rolling and firm adhesion of the neutrophil to the
endothelium (Figure 1). Thereafter, neutrophils transmi-
grate through the endothelial layer and then penetrate the
basement membrane before reaching the inflamed tissue.
It is paramount that all the molecules involved in this pro-
cess (some of them are contained in neutrophil secretory

—
Blood flow

vesicles), act synergistically in order to resolve the dam-
age or infection.

The activation of the endothelium results in the surface
mobilization of various adhesion molecules, either already
present in storage granules or generated through de-novo syn-
thesis. For example, the rolling receptor P-selectin is stored in
Weibel-Palade bodies (WPB) of endothelial cells and rapidly
mobilized to the luminal surface where it supports neutrophil
capture and rolling through binding to neutrophil expressed
P-selectin glycoprotein ligand-1 (PSGL-1).® E-selectin is an-
other member of the selectin family. In contrast to P-selectin,
E-selectin has to be de-novo synthezized after stimulation of
endothelial cells before it can be mobilized to the cell surface.
Signalling through PSGL-1 stimulates activation of the two f3,
integrins, lymphocyte function-associated antigen-1 (LFA-1
or oy f3,) and macrophage antigen-1 (Mac-1 or oyf,). These
B3, integrins establish strong bonds with intracellular adhesion

Inactive ® Chemokine { ICAM-1 ; ESAM { PVR
By-integrin i .
> I Chemokine receptor { ICAM-2 VE-Cadherin ¢ CD99
PMN & Capture and Rolling t JAMs  § PECAM-1  * CcD99L2
i - Firm Adhesion
clive 5
B,-integrin and Crawling
-
)‘({( gg PSGL- Transmigration
=,

7 T
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SelectinsI TT (' fl,".:/-( 1y
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Leucocyte recruitment cascade. After sensing “danger” signals, sentinel cells within the tissue release mediators that stimulate

endothelial cells and promote selectin expression on the endothelial cell surface. Neutrophil expressed PSGL-1 binding to endothelial selectins

promotes neutrophil capture and rolling on the inflamed endothelium. PSGL-1-selectin interactions together with chemokine-induced signalling

events promote 3, integrin unfolding and activation. Binding of the f, integrin LFA-1 to ICAM-1 leads to neutrophil slow rolling and firm arrest.

Thereafter, neutrophils start crawling to an appropriate site for extravasation, which usually occurs through a paracellular route involving the
sequential use of ICAM-1, ICAM-2, JAMs, ESAM, PECAM-1, PVR, CD99 and CD99L2. Finally, neutrophils penetrate the vascular basement
membrane to reach the inflamed tissue, a process depending on laminin-binding integrins VLA3 and VLAG as well as neutrophil elastase. EC;

endothelial cell; LBRC, lateral border recycling compartment; M®, macrophage; PMN, polymorphonuclear cell; WPBs, Weibel-Palade bodies
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molecule 1 (ICAM-1), constitutively expressed on endothelial
cells, leading to firm adhesion of neutrophils. This is followed
by B, integrin clustering accompanied by postarrest modifica-
tions including neutrophil spreading and crawling.9 ICAM-1
dependent signalling stimulates Ca’* flux in endothelial cells
that leads to actin cytoskeleton rearrangement and facilitates
leucocyte transendothelial migration (TEM). Several endo-
thelial cell membrane proteins, such as intracellular adhesion
molecule-2 (ICAM-2), junctional adhesion molecules (JAMs),
endothelial cell-selective adhesion molecule (ESAM), platelet
endothelial cell adhesion molecule-1 (PECAM-1), poliovirus
receptor (PVR), CD99 and CD99L.2, support transendothelial
migration in a sequential fashion.'® Finally, neutrophils need to
cross the underlying basement membrane before entering the
interstitial space, a process that has gained a lot of interest re-
cently and seems to be dependent on additional integrins such
as very late antigen-3 (VLA-3 or a;3;) and very late antigen-6
(VLA-6 or a4f), as well as neutrophil elastase (NE).“’12

4 | NEUTROPHIL VESICLE
TRAFFICKING
4.1 | Adhesion

During adhesion to the inflamed endothelium, neutrophils
change their shape, flatten and convert from a non-polarized
into a polarized cell. After stimulation with chemoattractants,
the transmembrane kinase phosphatidylinositol 4-phosphate
5-kinase type-1 gamma (PIP5K1C-90) induces polariza-
tion by regulating Ras homolog family member A (RhoA)
GTPase and local integrin activation. 13 The Rab family mem-
ber Rab21 has been described to carry vesicles containing
PIP5K1C-90 to critical polarization sites through its effec-
tor rabphilin-3A (RPH3A), which increases its binding to
Rab21 after being phosphorylated by kinase protein kinase
N1 (PKN1) (Figure 2A)."

The strong interaction of integrins with their endothelial
ligands (eg ICAM-1) provides the binding force allowing firm
adhesion of leucocytes to the endothelial surface under shear
stress exerted by the flowing blood. For subsequent crawling
of neutrophils along the endothelial layer, integrins have to be
continuously shuttled to the leucocytes' leading edge while
those at the rear end have to be removed in order to achieve
locomotion. As the integrin pool in the cell is limited and
crawling is a fast event that cannot be synthesis-dependent,
the hypothesis of integrin recycling was put forward in mi-
grating cells, shuffling integrins from the rear to the front."
In neutrophils, integrins co-localize with recycling endoso-
mal markers and integrin-containing vesicles are present in
both cell front and cell rear. Interestingly, this was shown to
be a Ca2+-dependent process since upon Ca’* buffering, ves-
icles accumulated in the cell rear.'®

Rabl1 and its effectors are the major players controlling
RE trafficking. Johnson et al showed that Munc13-4, a known
effector of Rab27a proposed to support exocytosis through
interaction with soluble NSF attachment protein receptors
(SNAREs),° additionally binds to Rabl 1." The same authors
also observed an accumulation of Rabl1-positive vesicles
on the plasma membrane in Munc13-4 deficient neutrophils,
suggesting a regulatory role of Munc13-4 in the last steps of
membrane fusion (Figure 2A).17

Two tethering complexes with Rab effector function, class
C core vacuole/endosome tethering (CORVET) and homotypic
fusion and vacuole protein sorting (HOPS), were also described
to be critical for integrin recycling, with CORVET being an ef-
fector for RabS-mediated EE fusion and HOPS an effector for
Rab7-dependent fusion of EE to RE.'® Both complexes were
first described in Caenorhabditis elegans and are composed of
different subunits of the vacuole protein sorting (VPS) family.
The mammalian homologues of both proteins share the same
core structure, composed of VPS18, VPS16, VPS33A and
VPS11. Additionally, CORVET also contains subunits VPS8
and TGFBRAPI1, while HOPS contains VPS41 and VPS39.
Until recently, little was known about the physiological role of
VPS proteins in mammals. Some studies have reported dysfunc-
tional integrin trafficking in migrating cells caused by mutated
VPS proteins. In 2012, Peng et al'® described migration defects
in VPS18-deficient murine neurons due to blocking of several
vesicle transport pathways to the lysosome. Some years later,
VPS3 and VPSS depletion in HeLa cells was shown to delay
the delivery of integrin-containing EE to RE and subsequently
impaired integrin recycling leading to defective cell adhesion
and spreading, focal adhesion formation and cell migration.”’
Concerning neutrophils, a loss of function mutation of VPS45,
a protein that interacts with the Rab4/5 effector Rabenosyn-5,
was identified to cause a primary immunodeficiency syndrome
with severe congenital neutlropenia.zl’22 Neutrophils and fi-
broblasts isolated from those patients showed reduced mobi-
lization of B; integrins to the cell membrane. Moreover, they
observed that patients' fibroblasts showed impaired motility
and increased apoptosis. Transfection of those cells with func-
tional VPS45 rescued the motility and apoptosis defects con-
firming that VPS45 is an important regulator of cell motility
and cell survival.”>* It would certainly be of great interest to
additionally investigate the implications of VPS45 depletion on
integrin mobilization and assess its functional significance in
neutrophil adhesion to the endothelium and transmigration.

4.2 | Vascular basement membrane
penetration

After passing the endothelial layer, neutrophils have to pen-
etrate the vascular basement membrane, an extracellular ma-
trix formation that embeds the endothelial cells and pericytes.
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FIGURE 2 Vesicle trafficking during leucocyte recruitment. A, Cell polarization and crawling. PKN1 phosphorylates the Rab21 effector
RPH3A and promotes the mobilization of PIPSK1C-90 containing vesicles to the neutrophil plasma membrane, a process required for cell
polarization. Rab27a-Munc13-4 and Rab11-Muc13-4 interactions are necessary during the last steps of integrin-containing vesicle fusion to the
plasma membrane. B, Vascular basement membrane penetration. Rab27a interacts with Munc13-4 for MMP-9-containing gelatinase granule
exocytosis and with Munc13-4 and JFC1 for MPO, and NE-containing azurophilic granules exocytosis. Rab27a-JFCI is required for the
mobilization of vesicles containing VLA-3 and VLA-6. C, Weibel-Palade bodies exocytosis. Rab27a interacting with the effector Slp4a together
with Rab15-Munc13-4 interactions promote exocytosis of WPBs. In contrast, Rab27a-Munc13-4 and Rab27a-MyRIP heteromers, as well as Rab3b/
d-Slp4a and Rab35-TBC1D10A heteromers co-localize with WPBs and retain them in the periphery. Rab46 drives P-selectin-devoid WPB away
from the plasma membrane after stimulation. D, Lateral Border Recycling Compartment (LBRC). LBRC delivers unconjugated PECAM-1, CD99
and JAMs to the EC membrane. PECAM-1 and CD99 activation stimulates the mobilization of the LBRC. CD99 activates PKA via ezrin and sAC.
EC; endothelial cell; LBRC, lateral border recycling compartment; PMN, polymorphonuclear cell; WPBs, Weibel-Palade bodies

More than 50 proteins have been identified as components of
the vascular basement membrane, such as type IV collagen,
laminin, nidogen and perlecan. Both endothelial cells and
pericytes can produce basement membrane proteins.

Within all the different vascular basement membrane
components, the laminin isoforms are the most important
constituents concerning leucocyte trafficking as they define
leucocyte extravasation sites. Laminins are composed of
3 subunits (a, B and y) resulting in 16 possible isoforms.
Of those, isoform 411 (a4P1lyl) promotes the transmigra-
tion while on the contrary 511 (a5p1y1) impairs it. Low
expression regions (LERs) are areas with a low expression
of type IV collagen and laminin 511 that colocalize to cell
junctions'' and define preferred neutrophil transmigration
sites. Additionally, Song et al in 2017** demonstrated that
adhesion to laminin 511 via B, and p; integrins affects en-
dothelial barrier function, by stabilizing VE-cadherin and
downregulating CD99L.2.

In migrating cells, two basement membrane penetration pro-
grams have been described: an irreversible, protease dependent
programme and a reversible, protease independent programme.
The exact mechanism of how neutrophils penetrate the vas-
cular basement membrane is still incompletely understood,
but evidence points towards the existence of both penetration
programs. On the one hand, neutrophils are continuously traf-
ficking through vascular basement membranes without leaving
detectable perforations, unlike in developmental processes or
cancer.” On the other hand, a recent study could observe a NE-
induced remodelling of the venular basement membrane after
neutrophil infiltration.%® Furthermore, inactivating mutations
on metalloproteinase-8 (MMP-8) and didpeptidyl peptidase I
(DPPI) in mice showed diminished neutrophil recruitment, even
though it did not completely block transmigration.25 However,
some basement membranes, such as the one found around bone
marrow sinusoids, have been described to be discontinuous and
may not require a mechanism of penetration.
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In 2014, Singh et al?’ found that Rab27b and Rab27a/b
double knockout neutrophils showed a transmigration defect
in an in vitro transwell migration assay in response to mac-
rophage inflammatory protein 2 (MIP-2) and leukotriene B4
(LTB,). They observed comparable results during in vivo
recruitment in the lung in response to MIP-2. Taking into
account that Rab27a and Rab27b play a role in azurophilic
granules release® with a high content of proteases, Singh
et al suggested that the observed transmigration defect was
due to an impaired protease release. Following the same
line, Ramadass et al investigated how Rab27a or Munc13-4
deficiency in neutrophils could affect protease secretion and
found an impaired release of metalloproteinase-9 (MMP-
9) and myeloperoxidase (MPO) (Figure 2B).% In addition,
the same group described a Rab27a-independent mecha-
nism mediated by JFC1 and Ras-related C3 botulinum toxin
substrate 1 (Racl) associated with vesicular trafficking
regulation during neutrophil chemotaxis that also affects
transmigration patterns.*’

A recent publication from our laboratory described im-
paired recruitment of mammalian STE20-like protein kinase
1 (Mstl)-deficient neutrophils to sites of inflammation in the
inflamed murine cremaster muscle. The kinase Mstl was
found to associate with the Rab27a effector JFC1, but not
with Munc13-4, and therefore regulating the trafficking of
Rab27a-positive vesicles containing integrins VLA-3 and
VLA-6, as well as NE."? Furthermore, we recently reported
that Src family kinase-deficient murine neutrophils apart
from showing impaired adhesion also displayed impaired
basement membrane penetration. This impairment was due
to reduced Rab27a-dependent mobilization of intracellular
vesicles containing NE, VLA-3 and VLA-6.%

5 | ENDOTHELIAL VESICULAR
TRAFFICKING
5.1 | Weibel-Palade bodies

For proper neutrophil recruitment, correct vesicle traffick-
ing is required in both neutrophils and endothelial cells.
Translocation of endothelial P-selectin, contained in WPB,
to the endothelial plasma membrane is the first step to initi-
ate the neutrophil recruitment cascade. Rab27a was the first
described Rab family member to co-localize with WPB in
HUVEC cells. Together with its effector myosin VIIA and
Rab interacting protein (MyRIP), it was identified as a nega-
tive regulator that anchors mature WPB to peripheral actin
filaments, resulting in diminished von Willebrand factor
(VWF) release and also WPB exocytosis.31 Later on, syn-
aptotagmin-like protein 4 (Slp4a), another Rab27a effector,
was shown to co-localize with WPB. Interestingly, Slp4a
has been demonstrated to function as a positive regulator of

exocytosis®”> which was confirmed by Van Breevoort et al*®

showing that the interaction of the Rab27a-Slp4a complex
with syntaxin-binding protein 1 (STXBP1) was required to
promote WPB exocytosis (Figure 2C).

Besides Rab27a several other Rab proteins have been
linked to regulate WPB trafficking. Rab3b/d co-localize
with WPB and competes with Rab27a for the effector Slp4a.
Interestingly, Rab3b/d-Slp4a interaction inhibits VWF se-
cretion.* In 2012, Zografou et al* performed a screening of
Rab proteins co-localizing with WPBs and found that, apart
from Rab27a and Rab3b/d, Rab15, Rab33 and Rab37 interact
with WPB. Of those, only Rab15 siRNA inhibition impaired
VWEF release in cooperation with Rab27a and its effector
Munc13-4 (Figure 2C). Recently, GAP activity of overex-
pressed TBC domain family member 10A (TBCIDI10A)
on Rab35 was shown to impair WPB exocytosis, while this
could be abolished when TBCIDI10A-insensitive Rab35
was used. In addition, knockdown of Rab35 inhibited his-
tamine-evoked release of VWF as well as P-selectin.®® This
was the first report that directly related the function of a
Rab protein to the regulation of selectin surface expres-
sion. Thereafter, Rab46 was shown to be involved in the
differential regulation of histamine-evoked WPB release by
co-localizing with P-selectin-negative WPBs driving away
the non-inflammatory cargo from the plasma membrane
through retrograde transportation along microtubules.*

5.2 | Lateral border recycling compartment
Endothelial intracellular vesicle transport during transmigra-
tion of neutrophils is a prerequisite for neutrophil crossing
the endothelial cell layer. Several adhesion-related molecules
including ICAM-1, ICAM-2, JAMs, ESAM, PECAM-1,
PVR, CD99 and CD99L2 are involved in leucocyte transmi-
gration and act in a sequential manner.’”® All these proteins
are enriched at endothelial cell-cell contacts® making the
paracellular transmigration route an ideal location for neutro-
phil extravasation into inflamed tissue. For initiation of trans-
migration, Ca®* signalling in endothelial cells plays a major
role and is stimulated by PECAM-1 interactions via the ion
channel transient receptor potential cation channel subfamily
C member 6 (TRPC6).*

In 2003, an endothelial vesicle reticulum necessary for
leucocyte transmigration was described. This complex was
different from vesiculo-vacuolar organelles (VVO), caveo-
lae and endosomes and was located next to the endothelial
cell border. It was named lateral border recycling compart-
ment (LBRC) and suggested to provide unligated PECAM-1,
CD99 and JAMs but not VE-cadherin to the place of transmi-
gration in a kinesin-mediated, microtubule-dependent man-
ner.*! Mobilization of LBRC to the cell contacts is initially
triggered by PECAM-1 and later on by CD99 through the
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activation of protein kinase A (PKA) via ezrin and soluble
adenylyl cyclase (sAC).#

Currently, only little is known about the regulation of
LBRC by Rab proteins. A characterization study reported
that isolated LBRC was largely devoid of Rab5.* However,
Rab5/Rab4 depletion prevented JAM-A redistribution from
the interendothelial cell area to the apical surface after in-
flammatory stimulation** suggesting a role of Rab molecules
in the regulation of LBRC.

6 | CONCLUSION

Both, excessive and impaired neutrophil recruitment during
the inflammatory response, can be deleterious for the host.
Accordingly, neutrophil function, which heavily relies on
various proteins that are pre-stored in intracellular vesicles,
depends on a tightly regulated machinery for the secretion of
its granule content. As described in this review, Rab proteins
take an important part in regulating the mobilization of neu-
trophil recruitment-relevant adhesion and activation proteins
that are contained in specific granules/vesicles of neutrophils.
Together with different Rab-effector and -adaptor proteins,
the function of Rab molecules is highly specific for certain
vesicles or steps during vesicle trafficking and even for differ-
ent cell types. Rab27a, one of the best-studied Rab proteins is
of critical importance during neutrophil recruitment for both
endothelial cells and neutrophils. Depending on its binding
partners, Rab27a is able to promote or inhibit WPB secretion
in endothelial cells. In neutrophils, Rab27a guides traffick-
ing of integrin-containing granules during vascular basement
membrane penetration and regulates the release of NE or MPO
from azurophilic granules during the inflammatory response.
Therefore, interfering with these processes through inhibition
of Rab molecules would be a promising therapeutic approach.
In fact, Nexinhibs (neutrophil exocytosis inhibitors), a new
class of drugs, inhibit the binding of Rab27a to it's effector
JFC1 and are able to decrease azurophilic granule exocytosis
in vitro and in vivo. At the same time, nexinhibs leave intact
NET formation and phagocytosis capabilities.45 Future re-
search is warranted to test these compounds in immune cells.
This will potentially open new therapeutic windows in inflam-
matory diseases with unwanted immune cell recruitment.
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